published last year at the Japanese Physiological Meeting at Okayama, and the details will be presented later in this Journal.
The present paper involves the data as indicated by the heading, and of the suprarenal capsule of oxen and pigs the medullary and cortical tissues were separately investigated.
METHODS.
Removal of Suprarenal Glands and Separation of the Cor tex and Medulla:
In the cases of rabbits, normal animals were killed by a blow on the neck, without submitting to any other manipulation, and the glands taken out at once. In the cases of cats and dogs, they were killed by bleeding after some experimentation either with the cava pocket or with collection of the suprarenal vein blood retroperitoneally under anaesthesia. The glands of oxen and pigs were obtained from the city slaughter house of Sen dai; they were slaughtered by a blow on the forehead, passing a rod into the skull and down the cord, and then bleeding from both the carotids.
After being skinned the viscera were removed. Then the suprarenals were carefully excised by a veterinary surgeon at our request. Usually a half to one hour elapsed between the stroke on the forehead and the extirpation of the glands.
The glands of oxen and pigs were separated into the cortical and me dullary tissues, and extract was prepared from each of them. The gland was rinsed from adhering fat and divided into two or four pieces by means of a sharp scalpel. The cortical or medullary tissue, pure as possible, was then secured by means of small sharp scissors, utmost care being taken not to mingle any trace of another tissue and a considerably large amount of that tissue being discarded. For every act of cutti rigor clipping a new instrument was employed, by which contamination of both substances was also avoided.
In the present investigations liquid air or carbon dioxide snow was not applied for separating the cortical and medullary tissues; in the later researches in this laboratory2)3)4) they were utilized.
The separation was carried out in the laboratory, a half to one hour or more after the removal of the glands. For transport from the city slaughter-house to the laboratory, the glands were preserved in a cylinder containing pyrogallic acid, according to Kuriyama, in order to avoid as much as possible the exposure of the test object to oxygen. The cylin ders were put in a chest with ice.
Methods of Extraction:
The following kinds of extract were prepared:
(1) Acidified extract. This was prepared according to Folin, Cannon and Denis.5) Kao lin was used to clearify the turbid cortical extract, otherwise it was un suitable for colorimetric assay.
(2) Extract by the normal saline solution. The weighed gland was cut into small pieces, and thoroughly ground in a mortar with quartzsand and a small quantity of 0.85% saline solution. The mixture was then transferred into an Erlenmeyer's flask with a further quantity of the saline fluid, heated a little and then diluted up to the amount corresponding to about 20 c.c. of the saline solution for 1 grm. of gland. Kaolin was added in a dose of 15-25 grms. for 100 c.c. of fluid and thoroughly mixed. The filtrate was clear like water.
Ponder6) observed that kaolin removes adrenaline very little, if any, from the saline solution, whiletreatment with kaolin results in a removal of the greater part of the adrenaline when mixed with seru in. This act is however largely dependent upon the concentration of adrenaline. If it is of a great concentration as 1:10,000 the treatment does not produce a noticeable reduction therein. To what extent the observations of Ponder should be taken into account in the present cases with the suprarenal extracts, I am not able to give any suggestion. Because of a very small content of epinephrine detected by the present methods in the cortical extract, this fact possibly should not be left out of consideration at least in cases of that extract, provided the absolute amount of epinephrine be in question.
In a few cases the saline extract without treating with kaolin was employed for estima tions.
(3) Extract by distilled water. Instead of the saline solution the extraction was done throughout by distilled water.
Methods of Estimation of Epinephrine:
(1) Colorimetrical determination by Folin, Cannon and Denis.5) Kodama's modification7) was applied. Instead of the several times re-crystallized sodium tungustate of Merck that of Kahlbaum "fur Analyse mit Garantieschein" was used. Also in the cases of the cortical extracts care was taken to adjust the quantity running into the measuring flask of 50 c.c. so as to contain nearly 0.1 mgrm. in toto, in order to es timate it in the optimal concentration. In fact 0.08 to 0.1 mgrm. epine phrine was found contained in 50 c.c., and in a single case 0.17 mgrm.
(2) Rabbit intestine segment method, fully described in a previous paper.8) The extract was applied as a mixture with defibrinated blood and Tyrode's solution in a desired dilution. The extract-blood-solution was prepared in just the same manner as with making the adrenaline blood solution. As the standard the adrenaline blood solutions were prepared in the usual manner described in the foregoing papers; no extract of other organs, as spleen, liver, etc., was mingled with it.
RESULTS:
I.
The values of epinephrine in the extract of the medullary and cortical tissue of oxen, pigs and rabbits and in the gland in toto of cats, dogs and rabbits, prepared by various precedures and determined by means of the Fo lin, the rabbit intestine and the cat paradoxical eye reaction, are epitomized in the following table. The ratios of the values achieved on one and the same extract by the various methods of determination are also given therein.
The comparison of the values detected by the three methods on one and the same extract will be made in the first place. As a matter of course it must be remembered that all the determinations were done with the ad renalin chloride solution of Sankyo Co. as the standard, the actual con centration of which was in turn standardized before the experiment by Kodama under the premise of colorimetric ratio 1:3 of uric acid to adrenaline.
The ratio of the values of the oxen medullary extracts by the eye and the intestine was 1:1.15 to 1:2.5, mean 1:1.7 in the cases of the extract by Folin, 1:1.2 to 1:1.8 in those of watery extract, treated with kaolin and 1:1.75 to 1:2.6 in those of the extracts by means of the normal saline solution.
Further the ratio of values by the eye and the intestine was 1:2 to 1:2.8 for the acidified extracts of the suprarenal medullary tissue of two pigs by Folin, 1:1.1 to 1:2 in those of dogs' whole gland by Folin 1:1.1 in that of a dog whole gland by water, and 1:1.7 and 1:2 in those of cats' whole gland by water.
From the data above summarized, it may be concluded that the valuesprepared by various methods, not only do not coincide with each other, but the value achieved by the intestine was found invariably somewhat greater than that by the eye, in fact the same tendency as was witnessed in the previous experiments1) with the suprarenal vein blood. In general, the differences in the procedures used for extraction, such as acidified or not, by saline solution or by water, have shown no essential significance on the ratio of Intestine: Eye.
With the materials above discussed the comparison of the values ob tained by the colorimetric method of Folin and the rabbit intestine se ment almost accords with those obtained by the eye and the intestine. Namely the ratio of Folin: Intestine was 1:1.12 to 1:2.8, mean 1:1.7 in the cases of oxen medullary extract by Folin, which accords well with the results of Kojima and Saito2) (1:1.1 to 1:2.1 in five series of deter minations); 1:1 to 1:1.5 or 1:1.1 and 1:1.8 in the cases of oxen me dullary extract by water with kaolin or by saline solution respectively. The ratio was 1:1.7 to 1:2.7 for the acidified medullary extract of pigs 1:1.7 for an acidified extract of the whole gland of a dog, and 1:1.1 to 1:2.1 for that of cats.
Consequently the values obtained by the Folin and the eye wellnigh agreed with each other. With the acidified medullary extract of oxen it (Eye: Folin) was 1:0.92 to 1:1.2, mean 1:1; with the watery extract, treated with kaolin, of the same kind of tissue 1:1 to 1:1.4 and with the acidified medullary tissue of pigs 1:1 to 1:1.1.
In one case of Folin's extract of a dog's whole gland it was 1:1.1; only an experiment with the bovine medullary extract, made by saline, yielded a different feature as 1:2.3, while in another experiment both values checked well with each other (1:1.05).
On the basis of the data given in the previous paper and those above cited, the opinion may be tentatively developed that the active principle or probably correctly principles, which are contained in the blood from the suprarenal gland and capable of extraction from the suprarenal gland or its medullary part, act in total sum more intensively upon the rabbit intestine segment than on the cat pupil, the corresponding superior cervical ganglion of which was previously excised, and upon Folin's test, if the preparation of adrenalin chloride of Sankyo Co. be taken as the standard or, other wise expressed, if the strength of action be expressed in terms of adrenalin chloride. It is needless to say, that the adrenaline is to be isolated from the suprarenal gland, but at present it is quite obscure in what state the adrenalines exist there and further what allied substance or substances are also contained therein in addition to adrenaline, etc. etc. Now the data on the cortical extracts will be discussed.
The cortical extracts yielded in the hands of the present writer positive evidence to all the three methods of estimation, while Kojima and others,4) the details of whose experi ments will be presented later in this journal, were able to obtain the cortical extract of oxen, horses, pigs, etc., which did not give any reaction to the colorimetric method of Suto -Inouye-Kojima or to some biological methods, such as the rabbit intestine segment, the cat paradoxical pupil, the spinal cat blood pressure, the toad limb vessel and the rabbit ear vessel method, except only to the colorimetric method of Folin, Cannon and Denis. With rabbits' cortical extract similar results were perceived by Watanabe and Sato.3) They froze the gland immediately after removal with liquid air4) or carbon dioxide snow,3) and separated the cortical tissue also without delay. In the present investigations the separa tion was carried out a half to one hour after removal, and without freezing.
Among the cortical extracts of oxen, those made in the manner of Folin yielded the following ratios: Eye: Intestine 1:1.1 (1:1 to 1:1.4) Eye: Folin 1:8 (1:2.9-1:16.2), and Folin: Intestine 4.02:1 (1.5:1 to 16.2:1). With the non-acidified extracts, the ratios were Eye: Intes tine 1:1.2, 1:1.3 , and 1:1.5 in cases of saline extracts, Eye: Folin 1:4.8 (watery extract), 1:1.27 and 1:3.6 (saline extract) and Folin: Intestine 4.3:1 (watery extract), 10.6:1 and 2.6:1 (saline extract). In the case of the acidified cortical extract of pigs, Eye: Intestine 1:1.4 to 1:2.3, Eye: Folin 1:2.6-1:13.1, and Folin: Intestine 1.3:1 to 9.3:1.
To recapitulate the data on the cortical extracts: While the values obtained by both the biological methods from the cortical extracts were somewhat similar to each other, regardless of methods of extraction or of the kind of animal (oxen or pigs), the values obtained by the colorimetric method of Folin, Cannon and Denis were remarkably greater than the others. Such tendencies were also detected by the other experimentalists in this laboratory, when they came across the occurrence of the reactions with the cortical extracts. These facts may reasonably be explained by the results of another set in which such an extract was often obtainable that gave an unmistakable positive reaction to the Folin only, whereas it was quite impossible to detect any trace of epinephrine by all the other methods of determination, above mentioned.
The Folin's extracts were made also of the rabbits' whole glands, medullary and cortical tissue, and tested by the Folin and the rabbit in testine segment against the standard adrenalin chloride solution, with the ratio (Folin: Intestine) 1:0.5, 1:0.9 and 1:0.23 respectively. The rabbit cortical extract containing especially abundantly the Folin positive substance, but giving no other reaction of epinephrine (including the colori metric method of Suto), was often obtainable in the hands of the other ex perimentalists in the laboratory.-(This is one of the reasons for the claim of Kojima that the method of Suto itself assuredly possesses noteworthy advantages over that of Folin, Cannon and Denis).9) The present data can be taken as indicating also the same inclination.
While Folin, Cannon and Denis themselves (sheep, lamb and cattle) and Stewart and Rogoff10) (Ringer extract of suprarenals and the acid extract) pronounced a sufficiently close agreement of the value obtainable by the method of Folin with that by the blood pressure test in a pitched cat, some investigators are of quite other opinion. A higher value by the Folin than by the blood pressure method was obtained in working with the foetal bovine suprarenals,11) normal glands of cattle, pig and rabbit and those of the sugar punctured rabbit12) Quite opposite results, that is, a higher value by the blood pressure method of Elliott than that by the Folin, were also noted. 13) Discussion of the comparison of the Folin and the blood pressure method will be de ferred to a later publication,4) in which the latter also came into application.
It may not be futile to spend some words here on the alleged existence of cholin in the cortex. Cholin was found by Hunt14) in the suprarenal extract, and in a later publi cation15) be was able to write of another depressoric substance in the suprarenal extract in addition to cbolin. Lohmann, who also isolated cholin from the suprarenal extract of oxen,16) came by a further research to conclude the production of cbolin in the cortex.17) Salvioli and a co-worker18) reported a slowing action of the cortical extract upon the heart rate, contrary to the medullary. Section of vagi or atropinizing abolishes this action of the cortical extract. By perfusing the suprarenal gland with Ringer-Locke's fluid through either the anterior artery or the posterior, that is, according to the writers, perfusing chiefly either the medulla or the cortex, Schkawera and Kusnetzow19) found the fluid run out on perfusing from the anterior artery to contain more epinephrine than that from the cor tex; the perfusion was carried out with an equal velocity for both sets. Further by means of the isolated frog heart, they came to witness the muscarin-like action in the perfusion fluid through the posterior artery. The former fact was again reported by another worker in the same laboratory.20) Taken aga,21) who made use of the suprarenal body of dogs and estimated the epinephrine content of the perfused fluid by means of the Lawen-Tren delenburg's frog preparation, noted some different features from those of Schkawera and Kusnetzow. He stated that he was unable to confirm the statement that the fluid perfused from the anterior artery contains more epinephrine and that from the posterior more of the hypothetical muscarin-like substance. He observed, he stated, no difference in the comparison of the vessel action of both fluids. Naito,22) perfusing the rabbit supra renal gland with Ringer-Locke's fluid and making use of the isolated frog heart and the rabbit intestine segment as the indicators, noted a muscarin-like action of the perfusion fluid when he passed oxygen through the fluid for one to five hours. Fig. 14 which should show, according to him, cholin or muscarin-like action on the intestine segment of the extract charged with oxygen for 4 hours, betrays in fact rather a weak action of epinephrine.
In reviewing the above literature it seems necessary to take the existence of cholin in the cortex into consideration in comparing the epinephrine content of the suprarenal ex tract obtained by various methods, biological and chemical, especially when the cortex alone or the whole gland is dealt with. It may however be justifiable to assume it practically negligible in such cases as ours from the following facts, that the cortical extract in the works of Kojima and others4) and of Watanabe and Sato,3) either adrenaline-like action or no action was biologically observed in the cortical extracts, but was the cholin-like action never met with, and that when the biological methods failed to find epinephrine there, Suto-Kojima's test was proved also negative. The right gland of the third ox in Exp. 32 was separated about one and half hours after slaughter, but it was pressed between the palms for a while after removal, it resulted in ,in unmistakable increase of the epine phrine detectable by the intestine, the value being just the same as that in the cortical tissue of the right gland of the second ox separated about twelve hours after slaughter without being pressed, the remarkable coincidence of the values must be certainly a matter of mere accident. The cortical tissue, which was also kneaded fur a while after removal and separated about twelve hours later, contained greater quantity of epinephrine-in testine in comparison with the sister gland which was also kneaded, but separated far earlier and the right cortex of the second ox which was separated at the same interval, that is of about twelve hours, but not kneaded. Kneading and waiting for a long time caused this great content of epinephrine in this cortex tissue. There was no definite evidence of au alteration in the content of the epinephrine-Folin (detectable by the Folin only) in the glands kneaded.
To sum up, the epinephrine detectable by the rabbit intestine diffuses from the medulla to the cortex, if the suprarenal body is left after removal without being separated into the medulla and the cortex. The kneading accelerates the diffusion. There is no evidence of an increase of the Folin positive substance, which is not however detectable by the intestine, in the cortex by such manipulations.
In the values obtained by the two methods in the medullary extracts there was no noticeable variation, throughout all the sets of experiments. Non-separation of the medulla from the cortex after removal or the kneading causes no variation in the content of them in the medulla. No significance can be attached to the dissimilarities of values in the sister glands shown in the table, since the whole medulla was not utilized in the present assay.
By investigating the comparative activity (pressoric action) of extracts prepared respec tively from the cortical and medullary portions of the suprarenal bodies Oliver and Scha fer came to conclude that the active principle of the exeract is contained entirely in the medulla and the very small effects which were sometimes got from extracts of cortex may probably be explained by post-mortem diffusion of the medullary juice or other accidental contamination.26) Cramer27) suggested once the production of epinephrine in the cortex of mice and rats. Some years ago Hartman and Hartman28) published a paper loaded with the proofs of it. Cats were used. They detected epinephrine by Folin in the cortex of the glands, which were cauterized thoroughly in the medullary region. The medullary tissue left was microscopically examined. The amount of epinephrine per grm. of cortex was found ranging from 0.063 to 0.341 mgrm, in glands containing no medulla; this is not much T. Sugawara different from, but only a little smaller than the values for the ox cortex in the present in vestigations. With the cortical extracts obtained by both methods of removing the medulla in vitro and vivo they observed an inhibitory action upon the intestine of young kittens or rats, but regarded the results as inconclusive because extract of spleen produces sometimes a similar effect. In one cat, which lost all the medulla by cauterization, the treadmill test gave a dilation of the pupil sensitized by extirpation of the superior cervical ganglion, and in five cats deprived of the medulla by removal of the right gland and cauterization of the left medulla, shutting off of air to the lungs for 40 seconds caused the pupil, whose superior cervical and ciliary ganglia were removed, to dilate. The removal of the left gland with only cortical tissue abolished this dilation in four cats; in a single cat the dilation still occurred though small.
As shown above also, the Folin's test, when standing alone, is not sufficient to show the existence of epinephrine. Asphyxia is capable of causing the paradoxical eye reaction though in a minor degree after removal of both suprarenals. If the denervated eye experi ments are followed with an interval of sufficient length of time by the tests of epinephrine in the cortical tissue left uncauterized, as some biological methods and the Suto-Kojima's colorimetric method, it may be useful not only for the question of the production of epine phrine in the cortex, but also of the values of the denervated pupil reaction as an indicator of the epinephrine secretion. Cholin is capable of causing it. In the experiments in this laboratory,3)4) which show non-existence of epinephrine in the cortex of several kinds of animals, the cortical tissue was taken with great reserve so that the cortical tissue near the medulla doubtless did not come into the test. We are not at present in the position to speak of the cortical tissue near the medulla and that in the living cortex after removal of the medulla in vivo.
IV.
Maiweg29) who made comparison of the Folin test with the blood pressure method of Elliott, noted that the former gives a higher value than the latter on the determination of epinephrine in a partly decomposed, namely oxidized adrenaline solution. Harada30) came to witness a similar fact by comparing the Folin with the perfusion method of Trendelen burg.
The former gave a positive result for already decomposed adrena line solution which proved non-active against the latter test. Maiweg further observed that some adrenaline-like substances such as dioxyphenyl alanin and cathechol give a similar shade of colour in Folin test, while they are pharmacologically inactive. An opportunity was given to the present writer to test w-aminoacetocatecbol and adrenalon (methylamino acetocathechol) by the kindness of Dr Nakamura of the Pharmacological Laboratory, to whom I express here my heartiest thanks for the delivery of the materials. The action of both these substances on the organs con * Both solutions were colorimetrically compared with adrenaline solution only with difficulty. The tone of coloration with adrenalon is somewhat yellowish and that with the other more yellowish.
With both substances the Folin test gave positive results, but some what weaker.
But the rabbit intestine segment was inhibited by adrena lon, but incomparably weak, aminoacetocathechol gave no effect upon the intestine.
SUMMARY.
From the suprarenal glands of oxen, pigs and rabbits, which were simply killed without narcotizing or any other manipulations the cortical and medullary tissues were taken separately, precautions being taken to insure the purity of each tissue as far as possible. Extracts were prepared from them and from the whole suprarenal glands of dogs and cats which were employed for other experiments, by means of the Folin's procedure, the normal saline solution and water.
The epinephrine content therein was determined in parallel by the colorimetric method of Folin, Cannon and Denis, the rabbit intestine segment method and the cat paradoxical eye reaction, adrenalin chloride of Sankyo Co. being taken as the standard.
31) Masa. Nakamura, Tohoku J. Exp. Med., 1925, 6, 386 ff.
